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(54) SURFACE ACOUSTIC WAVE APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface acoustic wave apparatus 
which is not only improved in frequency-temperature characteristics by forming a 
Si02 film on an IDT (Interdigital Transducer) but can also surely obtain a desired 
characteristic resistance to cracks on a surface of the SiO film and having a large 
electrical-mechanical coupling factor and a small attenuation factor a. 
SOLUTION: In the apparatus, at least one IDT mainly composed of Cu is formed 
on a LiTa03 substrate of a 23°-46° rotation Y board, and the Si02 film is formed 




on the LiTa03 substrate in a manner to cover the IDT. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Surface acoustic wave equipment characterized by having Si02 film 
which is formed on LiTa03 substrate of an Eulerian angle (0**3 degrees, 113 
degrees - 136 degrees, 0**3 degrees), and said LiTa03 substrate, and was 
formed on said LiTa03 substrate so that at least one IDT which makes Cu a 
subject, and said IDT might be covered. 

[Claim 2] Surface acoustic wave equipment according to claim 1 which whose 
thickness H/lambda standardized on the wavelength of said surface wave of IDT 
is 0.01-0.08, and has the thickness standardized on the wavelength of the 
surface wave of said Si02 film in the range of 0.15-0.40. 
[Claim 3] Surface acoustic wave equipment according to claim 1 the 
standardization thickness of said Si02 film and whose Eulerian angle of LiTa03 
substrate said thickness H/lambda of IDT is 0.01-0.08, and are either of the 
combination expressed below. 
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[Claim 4] Surface acoustic wave equipment according to claim 3 characterized by 

theta of said Eulerian angle (Otheta, 0) being in the range of the following formula 

(1) when standardization thickness of Si02 film is set to hs. 

thetamin-2 degree< theta<=theta min+2 degree - Formula (1) 

However, among a formula (1), thetamin is a value expressed with following 

formula A-E, respectively, when standardization thickness H/lambda of IDT is the 

range of following (a) - (e). 

(a) At the time of 0< H/lambda <=0.01 thetamin=-1 39.71 3xhs3+43.071 32xhs2- 
20.56801 1xhs+125.8314 - At the time of formula A(b)0.01< H/lambda <=0.03 
thetamin=-139.660xhs3+46.02985xhs2 - 21.141500xhs+127.4181 - At the time 
of formula B(c)0.03< H/lambda <=0.05 thetamin=-139.607xhs3+48.98838xhs2 - 
21. 71 4900xhs+1 29.0048 -- At the time of formula C(d)0.05< H/lambda <=0.07 
thetamin=-1 12.068xhs3+39.60355xhs2 - 21. 186000xhs+1 29.9397 - At the time 
of formula D(e)0.07< H/lambda <=0.09 thetamin=-126.954xhs3+67.40488xhs2 
the -29.432000xhs+131.5686 - type E - [Claim 5] Surface acoustic wave 
equipment according to claim 3 said standardization thickness of Si02 and 
whose Eulerian angle of LiTa03 substrate are either of the combination shown in 
the following table. 
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[Claim 6] Surface acoustic wave equipment according to claim 1 to 5 



characterized by using the leakage surface acoustic wave which uses an SH 
wave as a principal component as a surface acoustic wave. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave 
equipment which used rotation Y cut X propagation LiTa03 substrate for the 
detail more, and its manufacture approach about the surface acoustic wave 
equipment used for a resonator, a band-pass filter, etc. 
[0002] 

[Description of the Prior Art] In mobile transmitters, such as a cellular phone, the 
surface acoustic wave filter is used as the band-pass filter and duplexer of RF 
stage. As this kind of a surface acoustic wave filter, IDT 
(INTADEJITARUTORANSUDEYUSA) which consists of aluminum is formed on 
the LiTa03 substrate of 30 degrees - 50 degree rotation Y cut X propagation, 
and the surface acoustic wave filter using a leakage elastic wave is put in 
practical use. 



[0003] However, with this surface acoustic wave filter, the frequency temperature 
characteristic was as bad as -30--40ppm/degree C, and that improvement was 
called for. Then, in order to improve the frequency temperature characteristic, 
after forming IDT which consists of aluminum on 30 degrees - 50 degree rotation 
Y cut X propagation LiTa03 substrate, the structure which carried out the 
laminating of the Si02 film further is proposed. The frequency temperature 
characteristic is improved by forming Si02 film. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, when forming IDT which 
consists of aluminum, in order to enlarge a reflection coefficient and an 
electromechanical coupling coefficient K2, electrode layer thickness H/lambda (H 
is thickness and lambda is the wavelength of a surface wave) of IDT is made 
quite thick with 0.08-0.10. Thus, in the part shown in drawing 18 (a) since IDT 
which consists of aluminum is made quite thick, in order to improve the frequency 
temperature characteristic, when Si02 film was formed on it, as shown in 
drawing 18 (b), the big level difference might arise in Si02 film, and the crack 
might arise on Si02 film. Therefore, the filter shape of a surface acoustic wave 
filter tended to get worse according to generating of a crack. 
[0005] In addition, since the electrode layer thickness of IDT which consists of 
aluminum is thick, the effectiveness which covers the irregularity of the electrode 
surface of IDT by formation of Si02 film was not enough, and the temperature 
characteristic may not fully have been improved by it. 
[0006] Furthermore, the attenuation coefficient became large by formation of 
Si02 film, and degradation of a filter shape arose. In surface acoustic wave 
equipment using LiTa03 substrate of rotation Y cut X propagation in view of the 
present condition of the conventional technique which the purpose of this 
invention mentioned above It not only can improve the frequency temperature 
characteristic by formation of Si02 film, but it can reduce the electrode layer 
thickness of IDT. While being able to prevent the crack in Si02 film, an 
attenuation coefficient can also be reduced sharply. Therefore, it is in offering the 



surface acoustic wave equipment with which electrical characteristics, such as 
the target filter shape, can be acquired, and the electromechanical coupling 
coefficient and reflection coefficient in IDT are made into sufficient magnitude, 
and its manufacture approach. 
[0007] 

[Means for Solving the Problem] According to the large aspect of affairs of this 
invention, it is formed on LiTa03 substrate of an Eulerian angle (0**3 degrees, 
113 degrees - 136 degrees, 0**3 degrees), and said LiTa03 substrate, and the 
surface acoustic wave equipment characterized by having Si02 film formed on 
said LiTa03 substrate so that at least one IDT which makes Cu a subject, and 
said IDT might be covered is offered. 

[0008] In this invention, in order that IDT may make Cu a subject, and since Si02 
film is formed, an electromechanical coupling coefficient becomes large and a 
frequency temperature characteristic property is improved. Furthermore, since 
LiTa03 substrate of the above-mentioned specific Eulerian angle is used, an 
attenuation coefficient alpha is reduced. 

[0009] On the more restrictive aspect of affairs of this invention, thickness 
H/lambda of IDT standardized on the wavelength of a surface wave is in the 
range of 0.01-0.08. Thickness H/lambda standardized on the wavelength of the 
surface wave of Si02 film is made into the range of 0.15-0.40. In that case 
According to this invention, an electromechanical coupling coefficient and a 
reflection coefficient are large, and it has the good frequency temperature 
characteristic, and an attenuation coefficient is fully small and the surface 
acoustic wave equipment which the crack of Si02 film cannot produce easily can 
be offered certainly. 

[0010] On the aspect of affairs of further others of this invention, said thickness 
H/lambda of IDT is 0.12 or less, and let the standardization thickness of Si02, 
and the Eulerian angle of said LiTa03 substrate be either of the combination 
expressed below. 
[0011] 
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[0012] On still more nearly another specific aspect of affairs of this invention, if 

said standardization thickness of Si02 is set to hs, let theta of said Eulerian 

angle (Otheta, 0) be the range of the following formula (1). 

thetamin-2 degree< theta<=theta min+2 degree -- Formula (1) 

However, among a formula (1), thetamin is a value expressed with following 

formula A-E, respectively, when standardization thickness H/lambda of IDT is in 

the range of following (a) - (e). 

(a) At the time of 0< H/lambda <=0.01 thetamin=-1 39.71 3xhs3+43.07132xhs2- 
20.56801 1xhs+1 25.831 4 -- At the time of formula A(b)0.01< H/lambda <=0.03 
thetamin=-139.660xhs3+46.02985xhs2 - 21.1 41 500xhs+1 27.41 81 - At the time 
of formula B(c)0.03< H/lambda <=0.05 thetamin=-139.607xhs3+48.98838xhs2 - 
21. 714900xhs+1 29.0048 - At the time of formula C(d)0.05< H/lambda <=0.07 
thetamin=-112.068xhs3+39.60355xhs2 - 21. 186000xhs+1 29.9397 - At the time 
of formula D(e)0.07< H/lambda <=0.09 thetamin=-126.954xhs3+67.40488xhs2 - 
29.432000xhs+131.5686 -- Let said standardization thickness of Si02, and the 
Eulerian angle of LiTa03 substrate further be either of the combination shown in 
the following table on other specific aspects of affairs of formula E this invention. 
[0013] 
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[0014] In the case of the combination shown in the above-mentioned table (i.e., 



when theta of an Eulerian angle is made into 125 degrees or less), an 
electromechanical coupling coefficient K2 can be enlarged further. With the 
surface acoustic wave equipment concerning this invention, preferably, a leakage 
surface acoustic wave is used as a surface wave, it excels in the frequency 
temperature characteristic according to this invention, and the surface acoustic 
wave equipment with a small propagation loss which has IDT with big 
electromechanical coupling coefficient and reflection coefficient can be offered. 
[0015] 

[Embodiment of the Invention] Hereafter, this invention is clarified by explaining 
the concrete example of this invention, referring to a drawing. 
[0016] Drawing 1 is a top view for explaining the vertical joint resonator filter as 
surface acoustic wave equipment concerning one example of this invention. 
Surface acoustic wave equipment 1 1 has the structure in which IDT(s) 13a and 
13b and Reflectors 14a and 14b were formed on the top face of LiTa03 
substrate 12. Moreover, Si02 film 15 is formed so that IDT(s) 13a and 13b and 
Reflectors 14a and 14b may be covered. In addition, as LiTa03 substrate 12, 23 
degrees - 46 degree rotation Y cut LiTa03 substrate is used. In this rotation Y cut 
X propagation LiTa03 substrate of a cut angle out of range, an attenuation 
coefficient is large and TCF also gets worse. 

[0017] IDT(s) 13a and 13b and Reflectors 14a and 14b consist of Cu with a high 
consistency compared with aluminum. As mentioned above, since IDT(s) 13a 
and 13b and Reflectors 14a and 14b are constituted by Cu with a high 
consistency compared with aluminum, even if it is the case where thickness of 
IDT(s) 13a and 13b and Reflectors 14a and 14b is made thin compared with the 
case where aluminum is used, an electromechanical coupling coefficient and a 
reflection coefficient can be raised. 

[0018] Drawing 16 is drawing showing the reflection factor per electrode layer of 
Cu electrode in case the standardization thickness of Si02 film is 0.20, and 
aluminum electrode, and relation with electrode layer thickness. Since the 
reflection factor per electrode finger is raised when the electrode which consists 



of Cu is used compared with the electrode which consists of aluminum used 
conventionally, as shown in drawing 16 , the number of the electrode finger in a 
reflector can also be reduced. Therefore, the miniaturization of a reflector, as a 
result the miniaturization of surface wave equipment can be attained. 
[0019] And since electrode layer thickness can be made thin as mentioned above, 
generating of a crack based on the level difference in Si02 film 15 formed on 
IDT13a and 13b mentioned above can be controlled certainly. About the 
thickness of Si02 film 15, it is desirable that the range of thickness H/lambda 
standardized on the wavelength of a surface wave is 0.15-0.40 so that clearly 
from the below-mentioned example of an experiment. By making it this range, an 
attenuation coefficient can be sharply made small and low loss-ization is attained 
from the case where Si02 film is not formed. 

[0020] As for thickness H/lambda standardized on the wavelength of the surface 
wave of IDT(s) 13a and 13b, 0.01-0.08 are desirable so that it may mention later. 
With the surface acoustic wave equipment which this invention requires, as 
mentioned above, IDT(s) 13a and 13b are constituted by Cu on LiTa03 substrate 
12, and this electrode layer thickness of IDT(s) 13a and 13b can be made thin. 
Therefore, generating of the level difference in Si02 film can be controlled, and a 
crack can be prevented certainly. Since LiTa03 substrate of the Eulerian angle of 
further the above-mentioned specification is used, an attenuation coefficient can 
be sharply made small, and low loss-ization is attained. Moreover, the good 
frequency temperature characteristic is realized by formation of Si02 film 15. 
This is explained based on the concrete example of an experiment. 
[0021] The leakage surface acoustic wave (LSAW) other than a Rayleigh wave is 
shown in the surface wave transmitted in LiTa03 substrate. A leakage surface 
acoustic wave is spread emitting energy in a substrate, although the 
electromechanical coupling coefficient of acoustic velocity is large early 
compared with a Rayleigh wave. Therefore, a leakage surface acoustic wave has 
an attenuation coefficient leading to a propagation loss. 
[0022] Drawing 3 shows the relation between theta of the Eulerian angle (0 



degree, theta, 0 degree) in rotation Y cut X propagation LiTa03 substrate, and 
the attenuation coefficient alpha when a substrate front face short-circuits 
electrically. In addition, an angle of rotation = there is relation of theta-90 degrees. 
[0023] Like being clear from drawing 3 , in the range whose theta of an Eulerian 
angle is 124 degrees - 126 degrees, although an attenuation coefficient alpha is 
small, if out of range, this thing [ that an attenuation coefficient alpha becomes 
large ] is understood. Moreover, when IDT which consists of aluminum with 
comparatively thick thickness is used, it is known that an attenuation coefficient 
will become small at theta= 129 degrees - 136 degrees. Therefore, when IDT 
which consists of aluminum was used conventionally, the thing of the range 
whose theta of an Eulerian angle is 129 degrees - 136 degrees was used as 
LiTa03 substrate. 

[0024] Drawing 2 shows the relation between theta of an Eulerian angle, and an 
electromechanical coupling coefficient K2. The big electromechanical coupling 
coefficient K2 is obtained in the range whose theta of an Eulerian angle is 100 
degrees - 120 degrees so that clearly from drawing 2 . However, in theta= 100 
degrees - 120 degrees, an attenuation coefficient alpha is large and LiTa03 
substrate which is theta= 100 degrees - 120 degrees cannot be used for surface 
acoustic wave equipment so that clearly from drawing 3 . 
[0025] Drawing 4 indicates relation with an electromechanical coupling coefficient 
K2 to be standardization thickness H/lambda of Cu film at the time of forming IDT 
which consists of Cu on 36-degree rotation Y cut X propagation LiTa03 substrate 
(they being (0 degree, 126 degrees, 0 degree) at an Eulerian angle). In addition, 
lambda shall show the wavelength in the center frequency of surface acoustic 
wave equipment. 

[0026] It turns out that thickness H/lambda of Cu film becomes 1 .5 or more times 
in the range of 0.01-0.10 compared with the case (H/lambda = 0) where Cu film 
is not formed for the electromechanical coupling coefficient K2 so that clearly 
from drawing 4 . Moreover, compared with the case where Cu film is not formed 
for the thickness of Cu film in H/lambda =0.02-0.08, it turns out that an 



electromechanical coupling coefficient K2 serves as a value of 1.8 times or more, 
and thickness H/lambda of Cu film serves as a twice [ in case Cu film is not 
formed / more than ] as many value as this in 0.03-0.06. Furthermore, as 
compared with aluminum used conventionally, H/lambda takes the maximal 
value by about 0.04 and thin thickness, and the value also has it compared with 
aluminum. [ large ] 

[0027] If standardization thickness H/lambda of Cu film exceeds 0.08, production 
of IDT which consists of Cu film will become difficult. Therefore, as for the 
thickness of IDT which can obtain a big electromechanical coupling coefficient, 
and consists of Cu film since production of IDT is easy, it is desirable that it is the 
range of 0.01-0.08, and it considers as the range of 0.03-0.06 preferably [ it is 
more desirable and ] to 0.02 to 0.08, and a pan. 

[0028] Next, change of the frequency temperature coefficient TCF at the time of 
forming Si02 film on LiTa03 substrate is shown in drawing 5 . drawing 5 - an 
Eulerian angle (0 degree, 113 degrees, 0 degree) - and (0 degree, 126 degrees, 
0 degree) (0 degree, 129 degrees, 0 degree) shows the relation between 
standardization thickness H/lambda of Si02 film in case Si02 film is formed on 
three kinds of LiTa03 substrates, and TCF. In addition, the electrode is not 
formed here. 

[0029] When theta is any which are 113 degrees, 126 degrees, and 129 degrees 
so that clearly from drawing 5 , it turns out that standardization thickness 
H/lambda of Si02 film serves as range whose TCF is -20-+17ppm/degree C in 
the range of 0.15-0.45. But in order for membrane formation of Si02 film to take 
time amount, as for thickness H/lambda of Si02 film, 0.15-0.40 are desirable. 
[0030] Although it was known that TCF(s), such as a Rayleigh wave, will be 
improved by forming Si02 film on LiTa03 substrate, the electrode which consists 
of Cu is formed on LiTa03 substrate, and there is no report in which it actually 
experimented in consideration of the attenuation coefficient of the thickness of 
the electrode which consists of Cu, the thickness of Si02, a cut angle, and a 
leakage elastic wave in the structure which carried out the laminating of the Si02 



film further. 

[0031] Drawing 6 shows change of the attenuation coefficient alpha when the 
electrode with which standardization thickness H/lambda consists of 0.10 or less 
Cu, and standardization thickness H/lambda form Si02 film of 0-0.5 on the 
LiTa03 substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree). When 
thickness H/lambda of Si02 film is [ thickness H/lambda of 0.2 to 0.40 and Cu 
film ] 0.01-0.10 so that clearly from drawing 6 , it turns out that the attenuation 
coefficient alpha is small. 

[0032] On the other hand, on the LiTa03 substrate of the Eulerian angle of (0 
degree, 135 degrees, 0 degree), standardization thickness H/lambda forms Cu 
film of 0-0.10, and drawing 7 shows change of the attenuation coefficient alpha 
when standardization thickness H/lambda forms Si02 film of 0-0.5 further. 
[0033] Though the thickness of Cu film and the thickness of Si02 film are 
changed as mentioned above when LiTa03 theta= 135-degree substrate is used 
so that clearly from drawing 7 , it turns out that an attenuation coefficient alpha is 
large. 

[0034] That is, in order to realize good TCF, a big electromechanical coupling 
coefficient, and a small attenuation coefficient, it turns out that it is necessary to 
combine the cut angle of LiTa03 substrate, i.e., an Eulerian angle, the thickness 
of Si02 film, and the thickness of the electrode which consists of Cu, respectively 
so that it may be the optimal. 

[0035] Standardization thickness H/lambda of Si02 film is 0.1, 0.15, 0.2, 0.25, 
0.3, 0.35, and 0.4 or 0.45, and drawing 8 - drawing 15 show theta when 
standardization thickness H/lambda forms 0.08 or less Cu film on LiTa03 
substrate, and relation with an attenuation coefficient alpha, respectively. 
[0036] If the thickness of Si02 film and theta of an Eulerian angle are chosen as 
shown in the following table 5 when thickness H/lambda of Cu film is set to 0.01- 
0.08 so that clearly from drawing 8 - drawing 15 , the frequency temperature 
characteristic TCF is good, and an electromechanical coupling coefficient is large, 
and it turns out that an attenuation coefficient alpha can be controlled effectively. 



Desirably, a much more good property can be acquired by choosing the more 
desirable Eulerian angle on the right-hand side of the following table 3. 
[0037] 
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[0038] Moreover, when theta of an Eulerian angle becomes 125 degrees or less 
so that clearly from drawing 2 , it turns out that an electromechanical coupling 
coefficient k2 becomes remarkably large. Therefore, it turns out that the 
combination of the standardization thickness of Si02 film and the Eulerian angle 
which are shown in the following table 6 is desirable more preferably. 



[0039] 
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[0040] Furthermore, the result of having searched for the Eulerian angle from 
which an attenuation coefficient serves as 0 or min, i.e., thetamin, from the result 
shown in drawing 5 - drawing 14 from standardization thickness H/lambda of the 
standardization thickness hs of Si02 film and Cu film is shown in drawing 17 . 
[0041] When standardization thickness H/lambda of Cu film approximates each 
curve shown in drawing 17 in 0, 0.02, 0.04, and 0.06 and 0.08 by the cubic 
polynomial, following formula A-E is obtained. 

(a) At the time of 0< H/lambda <=0.01 thetamin=-1 39.71 3xhs3+43.071 32xhs2- 
20.56801 1xhs+125.8314 At the time of formula A(b)0.01< H/lambda <=0.03 



\ 



thetamin=-139.660xhs3+46.02985xhs2 - 21.141500xhs+127.4181 - At the time 
of formula B(c)0.03< H/lambda <=0.05 thetamin=-139.607xhs3+48.98838xhs2 - 
21. 714900xhs+1 29.0048 - At the time of formula C(d)0.05< H/lambda <=0.07 
thetamin=-1 12.068xhs3+39.60355xhs2 - 21.186000xhs+129.9397 - At the time 
of formula D(e)0.07< H/lambda <=0.09 thetamin=-126.954xhs3+67.40488xhs2 - 
the 29.432000xhs+131.5686 - type E - therefore, preferably Although it is 
desirable to be referred to as thetamin shown by the formula A mentioned above 
- Formula E as for theta of an Eulerian angle (Otheta, 0), if it is thetamin-2 
degree< theta<=theta min+2 degree, it can make an attenuation coefficient small 
effectively. 

[0042] In addition, although IDT may consist of only Cu(s), as long as Cu is made 
into a subject, it may be constituted from this invention by the layered product of 
Cu alloy, or Cu and other metals. IDT which makes Cu a subject should just 
satisfy rho(Cu) x0.7 <=rho(average) <=rho(Cu) x1.3, 6.25 g/cm3 [ i.e., ], 
<=rho(average) <=1 1 .6 g/cm3, if mean density of an electrode is set to rho 
(average). In addition, the laminating of the electrode which consists of metals, 
such as W, Ta, Au, Pt, Ag, or Cr with a larger consistency than aluminum, may 
be carried out so that rho (average) of the whole electrode may become the 
above-mentioned range on Cu or in the bottom. Also in such a case, the same 
effectiveness as the case of Cu electrode monolayer is acquired. 
[0043] In the above-mentioned experiment, although LiTa03 substrate of an 
Eulerian angle (0 degree, theta, 0 degree) was used, in the Eulerian angle of a 
substrate ingredient, 0**3-degree dispersion usually occurs. Within the limits 
(0**3 degrees, 113 degrees - 136 degrees, 0**3 degrees) it is such dispersion, 
the effectiveness of this invention is acquired also in LiTa03 substrate. 
[0044] In addition, this invention is applicable to various surface-wave 
equipments, such as not only the vertical joint resonator mold surface acoustic 
wave filter shown in drawing 1 but a surface acoustic wave resonator, a 
horizontal joint mold surface-wave filter, a ladder mold filter, a lattice mold filter, 
etc. 



[0045] 

[Effect of the Invention] With the surface acoustic wave equipment concerning 
this invention, on the LiTa03 substrate of an Eulerian angle (0**3 degrees, 113 
degrees - 136 degrees, 0**3 degrees) Since at least one IDT which makes Cu a 
subject is formed, and Si02 film is formed on the LiTa03 substrate so that this 
IDT may be covered, The surface acoustic wave equipment with few propagation 
losses with which an electromechanical coupling coefficient is large with 
equipment, and it excels in the temperature characteristic, and the attenuation 
coefficient alpha was reduced can be offered. 

[0046] Moreover, in this invention, the thickness standardized on the wavelength 
of the surface wave of IDT is 0.01-0.08, when the standardization thickness of 
Si02 film is in the range of 0.15-0.40, an electromechanical coupling coefficient 
can be raised further and the good temperature characteristic can be realized. 
[0047] Furthermore, thickness H/lambda of IDT is 0.01-0.08, Table 1 and when 
[ as more preferably shown in Table 2, ] standardization thickness H/lambda of 
theta of the Eulerian angle of LiTa03 substrate and Si02 film is chosen, an 
electromechanical coupling coefficient is larger still, an attenuation coefficient 
alpha is small, and the surface acoustic wave equipment which was further 
excellent in the frequency temperature characteristic can be offered. 
[0048] Moreover, theta of the Eulerian angle (Otheta, 0) of LiTa03 substrate is 
size from thetamin-2", and, in the case of not more than thetamin+2 degree, an 
attenuation coefficient is made still smaller. Therefore, a propagation loss may be 
made still smaller. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The top view showing the surface acoustic wave equipment 
concerning one example of this invention. 

[Drawing 2] Drawing showing the relation of the theta and the electromechanical 
coupling coefficient K2 on the LiTa03 substrate of an Eulerian angle (0 degree, 
theta, 0 degree). 

[Drawing 3] Drawing showing the relation of the theta and the attenuation 
coefficient alpha on the LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 
degree). 

[Drawing 4] Drawing showing relation with an electromechanical coupling 
coefficient K2 with Cu at the time of forming the electrode which consists of 
various Cu(s) or aluminum film of thickness on the LiTa03 substrate of an 
Eulerian angle (0 degree, 126 degrees, 0 degree), or standardization thickness 
H/lambda of aluminum film. 

[Drawing 5] an Eulerian angle (0 degree, 113 degrees, 0 degree) and (0 
degree, 126 degrees, 0 degree) (0 degree, 129 degrees, 0 degree) drawing 
showing the relation between standardization thickness H/lambda of Si02 film at 
the time of forming Si02 film of various thickness in three kinds of LiTa03 
substrates, without forming an electrode, and the frequency temperature 
coefficient TCF. 

[Drawing 6] Drawing showing change of the attenuation coefficient alpha at the 
time of forming Cu film of 0.1 or less standardization thickness on the LiTa03 
substrate of an Eulerian angle (0 degree, 120 degrees, 0 degree), and forming 



Si02 film of the standardization thickness of 0-0.5. 

[Drawing 7] Drawing showing change of the attenuation coefficient alpha at the 
time of forming Cu film of 0.1 or less standardization thickness on the LiTa03 
substrate of an Eulerian angle (0 degree, 135 degrees, 0 degree), and forming 
Si02 film of the standardization thickness of 0-0.5. 

[Drawing 8] Drawing showing change of an attenuation coefficient alpha when 
standardization thickness H/lambda forms 0.1 or less various Cu film on the 
LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree) and 
standardization thickness H/lambda carries out the laminating of the Si02 film of 
0.1. 

[Drawing 9] Drawing showing change of an attenuation coefficient alpha when 
standardization thickness H/lambda forms 0.1 or less various Cu film on the 
LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree) and 
standardization thickness H/lambda carries out the laminating of the Si02 film of 
0.15. 

[Drawing 10] Drawing showing change of an attenuation coefficient alpha when 
standardization thickness H/lambda forms 0.1 or less various Cu film on the 
LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree) and 
standardization thickness H/lambda carries out the laminating of the Si02 film of 
0.2. 

[Drawing 1 1] Drawing showing change of an attenuation coefficient alpha when 
standardization thickness H/lambda forms 0.1 or less various Cu film on the 
LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree) and 
standardization thickness H/lambda carries out the laminating of the Si02 film of 
0.25. 

[Drawing 12] Drawing showing change of an attenuation coefficient alpha when 
standardization thickness H/lambda forms 0.1 or less various Cu film on the 
LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree) and 
standardization thickness H/lambda carries out the laminating of the Si02 film of 



[Drawing 13] Drawing showing change of an attenuation coefficient alpha when 
standardization thickness H/lambda forms 0.1 or less various Cu film on the 
LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree) and 
standardization thickness H/lambda carries out the laminating of the Si02 film of 
0.35. 

[Drawing 14] Drawing showing change of an attenuation coefficient alpha when 
standardization thickness H/lambda forms 0.1 or less various Cu film on the 
LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree) and 
standardization thickness H/lambda carries out the laminating of the Si02 film of 
0.4. 

[Drawing 15] Drawing showing change of an attenuation coefficient alpha when 
standardization thickness H/lambda forms 0.1 or less various Cu film on the 
LiTa03 substrate of an Eulerian angle (0 degree, theta, 0 degree) and 
standardization thickness H/lambda carries out the laminating of the Si02 film of 
0.45. 

[Drawing 16] Drawing showing the relation of the reflection factor per electrode 
finger and electrode layer thickness in the electrode which consists of an 
electrode which consists of aluminum in case the standardization thickness of 
Si02 film is 0.02, and Cu. 

[Drawing 17] Drawing showing the relation between standardization thickness 
Hs/lambda of Si02 film for realizing thetamin from which an attenuation 
coefficient serves as 0 or min, and standardization thickness H/lambda of Cu film. 
[Drawing 18] (a) And (b) is drawing showing the scanning electron microscope 
photograph to which it is drawing for explaining the trouble of conventional 
surface acoustic wave equipment, and the condition of the front face of Si02 film 
of (b) is indicated to be (a) after membrane formation before membrane 
formation of Si02 film. 
[Description of Notations] 

11- - Surface acoustic wave equipment 

12- LiTa03 substrate 



13a, 13b-IDT 
15- Si02 film 
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45dt^»6nTt^. fif^T, «6*tt, Al^bft 
SIDTSfflW*^ LiTaOalfitIT, 
5— ftCD0rt*l 2 9° -13 6° <DttH©fc<0a*ffllO& 

50 ntfco 
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[0 0 2 4] B2tt. *>T5-ft<D0 

?-*o>fl*«i oo° - i2o° <Dmw-e, 

91 3 IC, 0 = 1 0 0° ^1 2 0° <D«BBTtt« 

a£ftcr^*#<, 0 = 100° -120° OLiTa 

[0 0 2 5] @4H 3 6° [ElgYSXejeL i TaO 
3SS (0°, 12 6°, 0° ) ) ± 

tC, Cu^^IDT«Lfc«&OCul« 
<fc«JPH/ A ttfl[flKttI££ffiRK' 
to tuft* Ate, #ttaBBJfteBO*^»»R^*Vt* 

[0 0 2 6] B4^6fl6d^«t5l:, CuR(DB»H 

/a*«o. oi-o. i ooieaiw«<f>T. ttftttttis 

dSSK 2 ^, CuR#M$ntt*ti«# (H/A 
= 0) Kit-tTl. 5«aLift*££rt*toJ&>*. * 
fc, CuMf^H/A = 0. 0 2-0. 08<?)ffim 

JPH/A^O. 0 3-0. 0 6(OiITH CuW 

dESnT^ttWift© 2 fgJ£A± coffin ft £ £ t^te** 

0. 0 4SKtW^BUP-e«*§t€:t0. -tOttfcA 1 

[00'2 7] Cui©a»fclWH/A^0. 08^ 
Cu«^6ft*I DT<DfMM*Mfctt*. ft 

IDTOffK^SgTftSfcai), Cu»b^IDT 

<djp*h o. oi-o. o 8<ai8HT»*;:£a*a£ 

L<, «fcO#£L<ra:0. 02-0. 08, 2 t>\Zft£ 
U<te0. 0 3-0. 0 6CD^Ht^n* o 
[0 0 2 8] ^l:, LiTaOaSffiiH, S i 02!$: 

T„ B5H *-f7-ft (0°, 113°, 0°), 
(0° ( 126°, 0°) Iklt (0° , 12 9°, 0 

0 ) <D3mm<DL i TaOaSfiiCS i OtMtflBrtS 
no>S*'&cos i OiRoSMRWH/AtTCF 

[0 0 2 9] B5^&fl6^«t3l:, 0^113°, 

1 2 6° Rtfl 2 9° <OV*-?i\<Dm&\Zi$\,*Tb* Si 
O2K<O«»ffcJRJPH/A#0. 15-0. 4 5tf)®ffl 
tr&l^T, TCF^- 2 0- + 1 7 p pmAWBii: 

ftsct^s. feotfe, s i ozm<Df&m\z\m 

BBSST**:*, S i OzJBOKffH/AttO. 1 5- 
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0. 4 0*«*Ui. 

[0 0 3 0] Li TaOiWRJifcS i OaJKSr^TS 
tt»S4rO>Jfc^ LiTa03Sffi±C, Cu^b/<C 

[003 1] 06H (0° f 12 0°, 0 

70 ° ) CDL i TaOias«±Jl«»ft;«»H/A*t0. 1 
OfiJLTOCu^bft^mSt, «*{t«JPH/Aa*0- 
0. 5<DS i 02K*»*Lfc«^JC*5tt§««5e»a 
cDSefbS^To H6*6W6^d:J:5l:, Si0 2 J8iCD 
IStJpH/ArttO. 2-0. 4 0, CuiOMH/A* 
0. 0 1-0. 1 0T»S«^:«a5£RaWS<6 

[0 0 3 2 ] (fi*, H7lt (0°, 135°, 0° ) 
Ot>T7-fta)LlTa03Sfi±l:«, 3fi»fcR»H 
/A#0-0. lOWCulfi^U &tefb 
20 iiH/A^O-0. 5 0S iOzR6Ml/t«&05 
««E£Ra©£{b£^T. 
[0 0 3 3] H7*6«6^ftJ:5l: 1 0 = 13 5° CO 
LITaOjSfi4fflUfc«^:H C ulglCDjBiJl&tf 

[0 0 3 4] Tft^*>; M^TCF, 
tt««R&CM^«:MSI£R«3kair«^a. LiTa 

[00 3 5] 08-01511 -tn-etl, S i 02BKD. 
^ttftBUSH/A**, 0. 1, 0. 15, 0. 2, 0. 
25, 0. 3, 0. 35, 0. 4SfcU0. 4 5T& 

o, mmttafHyxttio. o 8&T<DCum*L i t 

a Oi*«±lC»* 0 t a fcCDlM* 

[0 0 3 6] (3 8-01 5*6«6*ttJ:5i:, Cul 
(Djp^H/A£0. 0 1-0. 0 8tl/ftt§, SiO 

40 J:5l:»RStinH «**B*«fttTCF*ftffT» 
0, *»«ttlS£«Ra**#<, AO»S3l*o*M 
»lcaWL#*Cfc*«t>^«. H*L<tt, TfBOS3 
cofefiijO.J: Off * ^-££StRT3;: t \z£ 

[0 0 3 7] 
[« 5] 
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JO 



S iOJg© 


L i TaO 3 t0:*<^— ^ 




0. 15-0. 18 


(0, 1 1 7-137. 0) 


(0. 1 20-1 35, 0) 


0. 18-0. 23 


(0. 1 1 7-136, 0) 


(0, 1 1 8-133, 0) 


0. 23-0. 28 


(0. 1 1 5-1 35. 0) 


(0. 1 1 7-133, 0) 


! 0. 28-0. 33 


(0. 1 1 3-133, 0) 


(0, 1 1 5-13 2, 0) 


0. 33-0. 38 


(0. 1 1 3-1 3 5, 0) 


(0, 1 1 5-133, 0) 


0. 3 8-0. 4 


(0. 1 1 3-13 2. 0) 


(0. 1 1 5-1 30. 0) 



[0 0 3 8] m2fr*>WibfrtJ.£t\Z. *-f7- 

[0 0 3 9] 
[*6] 



s \o 2 sm 




0. 15-0. 18 


(0. 1 1 7-1 25. 0) 


I 0. 1 8-0. 2 3 


(0, 1 1 7-125. 0) 


0. 23-0. 28 


(0, 1 1 5-1 25. 0) 


0. 2 8—0. 3 3 


(0, 113-125. 0) 


0. 33-0. 38 


(0. 1 1 3-1 2 5. 0) 


0. 38-0. 40 


(0. 1 1 3-125. 0) 



* [0 04 0] 2*>\Z* mb-m 1 4»C«Ufcl»**6, 
0m S i OtHOWlMblUPh s&CXCu||flO«« 
[0 04 1] Cu*©«*fl«lJPH/A**, 0, 0. 0 

2, o. 0 4> o. o6^o. o 8<Dm&v>mi 7 \Z 



(a) 0<H/A^0 

<9« i n = ~ 1 3 



0 



713xhs 3 + 43. 0 7 1 3 2 xhs 2 
- 2 0. 5 6 8 0 1 1 Xh s + 1 2 5. 8 3 1 4- 
1<H/A^0. 03<D£^ 

2 



•s:a 



(b) 0. 

<9«in = - 1 3 9. 6 6 0 Xhs 3 + 4 6. 0 2 9 8 5 Xhs ; 

-21. 1 4 1 5 0 OXh s + 1 2 7. 4 181-3B 

(c) 0. 03<H/A^0. 05C0<h^ 

c9«in = - 1 3 9. 6 0 7 Xhs 3 + 48. 9 8 8 3 8 Xhs 2 

-2 1. 7 1 4 9 0 0Xhs + 1 2 9. 0 0 4 

(d) 0. 05<H/A^0. 07<D£g 

0 P m = - 1 1 2. 0 6 8 Xhs 3 + 3 9. 6 0 3 5 5 xhs 2 

-2 1. 1 8 6 0 0 0 X h s + 1 2 9. 9 3 9 7-SD 

(e) 0. 07<H/A^0. 09<D<h£ 

0«in = -126. 9 5 4 Xhs 3 +67. 4 0 4 8 8 xhs 2 
-2 9. 4 3 2 0 0 OXh s + 1 3 1 



«foT, »*L<tt, (0, 6, 0) CD0 

[0 0 4 2] *8flTliIDTHCu©W6i 
Cut(B<Z)A«t<0«»*T«**nTt>J:^. Cu£ 

p (Cu) X0. 7^p (Cu) xi. 3 

6. 25g/cm 3 ^p ^11. 6g/cm 3 

1 ctO t)fS^t^W, Ta, Au, Pt, AgSfc 



5 6 8 6-itE 

[0 0 4 3] ±E*JRTtt, ;*^:7-£ (0\, a, 0 
° ) <DL iTaOsiS^ffiV^tlfc^ 
-f ^-aid&HT, o±3° (D«6^€r*t««rfS^-r 
5o c<a«J:3fttfS-3#<&ttHrt. -ttat>% (o±3 

°, 1 1 3° -1 3 6° , 0±3° ) OLiTaOaS 
[0 0 4 4] **Wtt, Hl^jRUfc*!*^** 

[0 04 5] 

(0±3° , 113°-136°. 0±3° ) <D 
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u 

L iTa03Sffi±C, Cugifttm^Ktfcl 
ITaOji'«±l;S iOzl^M^nil/^^^ 

[0 0 4 6] Sfe, *^II^^T, IDT<£>Sffi&CO 
»ftT«ttflsStlfc«*3W0. 0 1-0. 08T*0, 
S i O2R<0«»fl:RJSa*0. 15-0. 40ORiC 

[0 0 4 7] $bC, I DTORJ|H/A^0. 01- 
0. 08T»0. $tl* c):0fi 1 ^K^S2(3^-rJ:^ 
\Z* L i TaOsSfiW 7-«CD0&t^S i OzlBitf) 

[0 048] L iTa03S^t-f7-ft 

(0, a, 0) 0>0#0.iii- 2° cfcO*T*>9. d.in 

+ 2° KT<B«£fctt* ««***«J:0-Ji/hS<Sn 

[01] *58M(Z)-*Jfi«»c«S#tt*ffiJftlSB&^r 
¥80* 

[02] ^-T^-^ (0° , 6, 0° ) CDL iTaOs 

[0 3] (0 9 , 0, 0° ) <£L i TaOs 

[0 4] (0\ 126°, 0° ) CDL i T 

aOsMii:, a^(OK»©c uSfctiA 1 JB^6tt 
*««6»rtEUfc»6©Cu*fcttA 1 ROttftfclRJ* 
H/A «ft*«*Sd«»K2t©H«€:*TH. 

[05] *>f7-ft (0° , 1 1 3° ( 0° ) , (0 
° . 12 6°, 0° ) TkU (0°, 129°, 0° ) <D 
3fflgfCDL iTaOaSfil^T, ««ft»ric*-f 

«*<Z)RJPCDS i 02R£l«RLfc«£CDS i O2R 
©«»{tR*H/A tfl»»a««ftTCFta)B«S 

[0 6] *-f (0 e , 120°, 0°) OLiT 

a03SK±C, 0. l£lT©«*<fcRJ»OCuR*» 
tiEU 0-0. 5<7)^t&{t:RiP^S i OzR^^cRU^c 

[0 7] (0°, 135°. 0°) OLiT 

aOs«8J:i:, 0. 1 aTO^'tefcffiiJPcDC uKl^ . 
«U 0-0. 5O«»ftR»0)S i OiRftrtRLfc 
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[0 8] (0°, 0, 0° ) CDL i TaOs 

i«±l:, «fcfcRJPH/A*i0. lJLUTO&filCuR 
««/*U «»ftRffH/A*t0. 1<0S i02R£ffi 

[i9] t<7-^ (0° , 0, 0° ) COL i Ta03 
S«±£. «»{bRJPH/A*«0. lWTcD^SCuR 
«»{fcRJPH/A*to. 15OSi02J8l£ 

[B10] t^f ^-ft (0°, 0, 0 e ) (DLiTaO 
/0 3S«±lw, «ttfl:R»H/Aa«0. lOTOSiCu 
R6»«U» «*HfcR»H/A*to. 200SiO2JSI£ 

[011] *-f7-ft (0° , 0, 0° ) CDL i TaO 

3S«±t^, a»fbRj»H/A**o. u^micu 

R*«rfcU, «*fcR*H/A*«0. 2 50SIOzM 
[012] ^-f^-ft (0° , 5, 0° ) <£>L i TaO 

3S«±i:, *»fkR»H/A^o. l^micu 

R«»j5&U «*ftRJ»H/A*t0. 30SiO2i^ 

[013] ;J--f 7-* (0°, 0, 0° ) CDL i TaO 
3*S±H, «»{fcRJ»H/A^o. l^WiCu 
R£»/*U «ttffcRJ»H/A*tO. 3 5c7)Si02)R 

[014] *--f^-A (0°, 0, 0° ) CQL i TaO 

3g^±tc, m&itmmH/xtfo. iktcsicu 

RfrffiMKU «»^RIPH/A*to. 4(£>Si02]BI£ 

[0 15] *-T^-ft (0°, 0, 0°) 0LiTaO 
50 3»*±l^ «»{bRJPH/A*t0. lKTW&lCu 
RSrJgfSU «»ftRWH/A^0. 4 5C0SiO2R 

[016] S iO2i(D)SftftiW0. 02CQ<h#CD 
A 1 C U3^6fe^««^*»*«|f JB 

1 *^OcDJK^^<hmffiRJPtCD^^^^-r0 e 

[01 7] J**ftBt**0t>L<tt*/httt*e.me* 
»r*fc*©S 102RojHMIWHs/A fc, Cu 

[018] (a) Rtf (b) tt, 
40 <OWJB^«:KWr*fc«)©BlT»0, S i 02jg?<Dj£Jgt 
Mt (a) t, j£J8tf£ (b) COS i Ozi^lO^I^: 

1 l-»tt«DttttH 
1 2 -L i TaOjSfi 
13 a, 13 b- I DT 
1 5-S i Ozm 
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[131] [0 2] 





-8- 



(9) 



&ffl2 003-258602 



[0 6] 



o. 
o. 

0. 
0. 

\ 

CD o. 
■o 



St 



0. 



(0° , 120° , ) LiTaOg 



0.20 



0.15 



0.05 i— 



Cu&J?H/A 
• Cu=0. 0 

O — Cu=0. 03 

£ Cu=0. 06 

jjt cu=0. 08 

— O* — Cu=0. 1 



o.oo" 



0.0 



0.1 




0. 2 0. 3 0. 4 

s i o 2 mo)mw.H/x 



0.5 



[0 7] 



(0° , 135° , 0° ) LiTaOa 




0. 0 0. 1 0. 2 0. 3 0. 4 

S i 6«H©BJPH/A 



0.5 



0.5 



0. 4 



[09] 



S i Ogfljjfl)E85H/A =0. 15 



CD 



0. 3 



8 



CuEHH/A 
—a cu=o. o 



---O-— ~ Co=0. 03 

— A cu=a oe 

— o Cu=a oe 

6— Cu=0. 1 



0.0 




100 105 110 115 120 125 130 135 

*<5-*W\ e, o°)0)0 (8) 



140 



0.5 



^0.4 

«-< 

N 

CO 



[010] 
S i 0 2 g(DEJ¥H/A=0. 2 



Cu&ffH/A 

— D cu=a o 

— o — cu=a 03 

— & cu=a oe 

— V Cu=a oe 




105 110 115 120 125 130 135 
(0°, 0, 0*)O$ (g) 



140 
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1 1] 



S i 0 2 &<D$$H/X=0. 25 




CuKJ5H/A 
cu=a o 
-- o — - Cu=a 03 

Cu=0. 06 

... Cu=a 08 
— cu=a i 




105 tlO 115 120 125 130 135 

t4?-fi«f. e, crxne (g) 



II 2] 



S i 0 



H/A=0. 3 




105 110 115 120 125 130 



0.5 



[013] 
S i O 2 K<0jgJ?H/A=O. 35 



N 

DO 



0.3 



Cu&JfH/A 
■a cu=o. o 



— -O Cu=0. 03 

■■A Cu=0l 06 

- Cu=0. 08 

- Cu=0. 1 



O < 




100 105 110 115 120 125 130 1 35 1 40 
*-f7-ft(0°, 0, O°)0 0 (g) 



1 4] 



0.5 



0.4 



S i 0 2 &<Z)BI?H/A=a 4 



CuK£H/A 



— o— cu=a o 
— o- Cu=a 03 

—A Cu=0 06 

— V Cu=0 08 




105 110 115 120 125 130 135 140 
t4?-fkV? , 0, O°)0)6 (g) 



0.5 



[0 15] 
S i 0 2 !a>HH/A=a 45 



0.4 



0.3 



CuK&H/A 

O Cu=Q 0 

— o Cu=a 03 

A Cu=a 06 

— ^ Cu=a ob 

— O— — cu=a 1 



ft* 

m 



0.2 



0. 1 



0.0 
100 




105 110 115 120 125 130 135 

*<f5-a(cr r e, o°)<&e (g) 



35* 

G 0.14 



48 



[01 6] 
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